
\ 

--·····~ .. --¥~--~·· 
SG ! 

ViO 93/05423 •. ·· PCT/US92/06730 

Backq~ound of the Invention 
1. Field of the Invention 

5 The present invention generally relates to 
devices for optically connecting the ends of waveguides 
such as optical fibers, and more particularly to an 
article which splices a plurality of pairs of such 
optical fibers. 

10 2. Description of the Prior Art 
Splice devices for optical fibers are known in 

the art, but there is still a need for a quick and 
reliable method of splicing a plurality of fibers in a 
.high density environment. Prior to the introduction of 

15 splice devices which join a plurality of optical fibers 
in a single splice body (discussed further below), this 
was accomplished by utilizing a plurality of single fiber 
(discrete) splice devices. This approach was very time 
consuming, however, and further resulted in a large 

20 volume of splice bodies which crowd junction boxes, or 
require specialized splice trays to keep the fibers 

organized. 

t 25 

several systems have been devised to address 
the problem of multiple fiber splicing. One technique, 
mass fusion welding, requires that each fiber be placed 
in a groove of a rigid substrate having several such 
grooves. Best fit averaging is used to align the fiber 
pairs and an electric arc is created, melting the fiber 
tips and permanently fusing them together. The primary, 

30 and very significant, limitation of fusion splicing is 
the qreat expense of the fusion welders. Fusion welding 
is also time consuming, and precludes later fiber removal 
or repositioning. 

Another common multiple splicing technique 
35 requires the use of adhesives, again with a substrate or 

tray that has a plurality of ~rooves therein. For 
example, in u.s. Patent No. 4,028,162, a plurality of 

~- ··.\ ·: ,. 4 
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fibers are first aligned on a plastic substrate having 
fiber aligning 9r.ooves, and then a cover plate is applied 
over the fibers and the substratei, the cover plate having 
means to chemlcally adhere to th~. fiber and substrate. 

5 Adhesives are also used in the optical fiber splice 
devices disclosed in U.S. Patent No. 4,029,390 and 
Japanese Patent Application (Kok~i) No. 58-158621. The 
use of adhesives is generally un~.eisirable since it adds 
another step to the splicing proc"E!lss, and may introduce 

10 contaminants to the fiber interfaces. Splice devices 
using adhesives also require exte._nsi ve polishing of the 
fiber end faces to achieve acceptable light transmission, 
and some adhesive splices further require the use of a 
vacuum unit to remove trapped air. 

15 The '390 patent represents an improvement over 
earlier multiple splice devices in that it utilizes a 
foldable holder having a series of V-qrooves on both 
sides of a central hinge region. The method of attaching 
the fibers to the holder, howeveJ;', presents additional 

20 problems not present in earlier sp_lices. First of all, 
since adhesive is used to affix the fibers to the holder 
before splicing, 'the cleaving of the fibers becomes a 
critical step sinc.e the cleave le11¢h must be exact to 
avoid any offset :Of the fiber end': faces, which would be 

25 extremely.detrimental to splice performance. secondly, 
it is critical that the opposing \t.,grooves be exactly 
aligned, which is>~nlikely with th~ hinge depicted in the 
'390 patent; otheirwise, there will be transverse fiber 
offset resulting iri increased signal loss. Finally, the 

30 '390 holder would not maintain th.e:. opposing plates 
perfectly parallel, which is necels'!;ary in order to 
optimize transvers.e alignment of.·fh.e fiber pairs, and 
also affects fiber deformation. · ·· · · 

Another problem with s:eyeral of the foregoing 
35 splicing devices is that they us~~ rigid substrates to 

clamp the fibers.. There are several disadvantages to the 
.: .. :.-_ 

use of rigid sU:bst,rates. First of:_ all, it is generally 

.. ~.:·. 
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more difficult to form grooves ~n a rigid material, such 
as by etching, grinding or erosion, which increases 
manufacturing cost. Rigid subEJ;trates must also be 
handled more carefully since t~'y are brittle and thus 

5 easily damaged. Most importantly, the use of a rigid 
. ,·:.·· 

substrate having qrooves therei.n results in poor 
alignment of the fiber pairs (as well as unnecessary 
fiber deformation), leading to higher insertion loss. 
These problems are compounded in stacked configurations 

10 such as those shown in U.S. Patent Nos. 3,864,018, 
4,046,454 and 4,865,413. 

These difficulties may be avoided by the use of 
a substrate which is malleable, elastomeric or ductile. 
Unfortunately, however, the use. of such materials has not 

15 been fully appreciated nor implemented. For example, 
U.S. Patent No. 4,046,454 teach~s that the rigid v­
qrooves may be lined with a ductile material. This 
complicates the manufacturing process, however, and adds 
significant cost. In u.s. Paten~ No. 4,102,561, the 

20 splice device utilizes two alig~ent members formed of a 
resilient material which may deform against the fiber 
surfaces. That splice, however, requires the attachment 
of two subassemblies prior to ins.ertion of the fibers 

25 
into the alignment members, and further uses about a 
dozen clamps and bolts, making the device very difficult 
to use in the field (similar problems apply to the device 
illustrated in U.S. Patent No. 4·1 045,121). The primary 
clampinq acti()n directly at the f:~ber interface also 
causes deformation of the fiber t·~ulting in more signal 

30 loss than if .there were a more g¥a~ual clamping toward 
the interface. This problem alsc:(applies to other splice 
desiqns, such as that depicte~ il'f :~uropean Patent 
Application No. 88303777. 2, whict,i ... further suffers from 
the non-uniform application of clainpinq forces to 

35 different fibers. 
In li9ht of the foregoing, it would be 

desirable and advantageous to devise a high performance 
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splice device. for multiple optical fibers which does not 
require fusion_ weldinq, or adhesives and polishing. The 
device should provide a uniform clamping force to each of 
the fibers, and provide gradual clamping to minimize 
undesirable deformations such as microbendinq at the 
clamp transition. The cleave length of the fibers should 
not be critic~l, and means should be provided to optimize 
fiber alignment, including the use of ductile clamping 
surfaces. Finally, the splice should be si~ple to use, 
especially for field installation. 

summary of the. Invention 
The foregoing objectives are achieved in a 

device for spiicinq multiple optical fibers comprising a 
15 splice element, a body surrounding the splice element, 

and a wedge pr:oviding uniform, transverse clamping of the 
fibers in the.. splice element. The body may be comprised 
of a jacket P,~rtion and a cap portion which interlock to 
hold the splice element. The splice element is 

20 preferably torm•d of a ductile material, and is hinged to 
define two pl_C!l,t~s, one plate having a series of parallel 
V-grooves, and the plates being folded together prior to 
actuation by ·the wedge. Stop pads are interposed between 

25 

30 

the plates to insure gradual clamping when the wedge is 
forcibly urge(i.aqainst the plates or against a tongue 
which is inteJ:"~qsed between the plates and the wedqe. 
The splice e~:e19ent may further have an extension or 
porch, with a:ret.ll1P to facilitate insertion of the fibers 
into the splic~ ,1ement. 

A stacked splice element may be provided in the 
body having mo~e than two plates, e.g., a three-plate 
stack accommodatinq two layers of fiber splices. Special 
guides positioned at each end of the plates may be used 
to direct some .• t:ibers upward to one splice layer and 

35 others downward to the other layer. End covers are 
provided to pre>t.•ct the splice element and exposed 

-·-.:a 

c 

fibers, and to ptovide an environmental seal. ------·-··- - -·-· 

11111nr 
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Brief Description of th' Drawings 

The novel features and scope of the invention 
are set forth in the appended cl~ims. The invention 
itself, however, will best be understood by reference to 
the accompanying drawings, wherein: 

Figure 1 is a perspective view of the multiple 
optical splice device of the present invention; 

Figure 2 is an exploded perspective view of the 
splice device of the present invention; 

10 Figure 3 is a perspective view of the splice 
element used in the multiple fiber splice device of the 
present invention, in its unfolded state; 

Figure 4 is an enlarged sectional perspective 
of one end of the splice element of Figure 3 showing the 

15 porch and ramp; 

20 

Figure 5 is a ·sectional perspective view of the 
fully assembled splice device of the present invention; 

Figure 6 is a sectional elevation of an 
alternative end cover use_d with the splice device of the 
present invention, having a compartment therein for index 
matching gel; and 

Figure 7 is a perspectiye view of the stacked 
splice embodiment of the present invention. 

25 Description of the Preferred ED\bodiment 
With reference now to the figures, and in 

particular with reference to Fi9~re 1, there is depicted 
the multiple optical fiber splice:device 10 of the 
present invention. Although the-term "connector" may be 

30 applied to splice 10, that term is usually reserved for 
devices which are intende(i to provide easy connection and 
disconnection, as opposed-to a splice which is usually 
considered permanent. Nevertheles-~, the term "splice" 

35 

should not be construed in a limiting sense since splice 
10 can indeed allow removal of the fibers, as explained 
further below. 

With further reference to Figure 2, splice 10 
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_includes a qenE!r,lly rectangular body 12 which is 
essentially c:omprised of a jacket· .14 and a cap 16. 
Splice 10 also includes a splice element 18 and 
longitudinal actu~tion _Jne,~ns 20 ·£br applying pressure to 

s splice element.ta. In 'ttie pref~rred embodiment, 
actuation means ·-20 comp.rises a wedge 22 havinq surfaces 
defining an acute.angle, which is, captured between jacket 
14 and cap 16. A tongue 24, which is integrally molded 
with cap 16, is advantageously interposed between wedge 

.10 22 and splice element 18 as disch.;ed further below. 
Jacket 14 has a longitudinal slot26, rectangular in 
cross-section and extending throµ9h jacket 14, for 
receiving a spl-ict! element 18; s,lo_t 26 is slightly 
shorter than spli_pe element 18, allowing both ends of 

15 element 18 to extend beyond the encis of slot 26. Jacket 
14 also has an iptegrally molded m~.le coupling element or 
projection 28 whi.ch fits within a ,.cavity 30 formed in cap 
16. Projection28 has two transverse bumps 32 which snap 
into recesses 3.4 of cap 16; providing a snug fit between 

20 jacket 14 and cap 16. 
Jacket 14 and cap 16 each,, have extensions 36 

and 38, respectively, which receiv._end covers 40 and 42, 
<'. ·•· ....... 

respectively. Extensions 36 and 38 .. have recessed 
surfaces which support the fiberst at the entrance to slot 

25 26. End covers 40· and 42 impart_protection to the 
spliced fibers aJ1~ ~pl~c·. element''1a: against 
environmental irif'iuences. · End covers 40 and 42 are 
attached to ene,is.i.ons .36 and 38 ,~_f.<:.the jacket and cap, 
respectively, by. apy converij.ent in~a:ris, such as arcuate 

30 jaws 4f which snap ·onto and rotat~bJ.ygrip trunnions 4&. 

The side edqes •• of extensions 36'az:id 38 are rounded to 
allow end covers 40 and 4·2· to rot~~~~ on trunnions 46. 
End covers 4 o and 4·2 . also includ.<h'ooks forming latches 
so which snap into notches 52 in>~xt~nsions 3& and 38 and 

35 securely maintain.the end. covers "f~:a tightly closed 
position. 

Jacket 14 and. cap-16 define many overlapping 
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surfaces which impart additional.environmental sealinq 
and further inhibit separation of these two components of 
body 12 by, e.g., bendin~ of bo~y 12. For example, 
projection 28 has a lower tier 5,~ which slides under a 

5 canopy 56 formed on cap J.6. Cap_16 also includes bosses 

58 which fit into recess•s (not.visible in the Figures) 
in the corresponding face of jacket 14. Projection 28 
and cap 16 further have in·.clined. surfaces 60 and 62 which 
result in a qreater contact surf~ce area and make it more 

10 difficult to pop jacket 14 and cap 16 apart by bending 
them near their interface. 

Turning now to Figures 3 and 4, splice element 
18 is described in further detail~ Splice element 18 may 
be formed from a sheet of deformable material, preferably 

15 a ductile metal such as aluminum,.although polymeric 
materials may also be used. Mat~J:'lal selection is 
described further below. C.ertain· features are embossed, 
coined, stamped, molded or milled.into element ·11. First 
of all, a groove 70 is formed on the outside su·rface '72 

20 of element 18. Groove '70 forms an,: area of reduced 
thickness to define a bend line or hinge, and separates 
element 18 intQ two legs or plates 74 and '76 having 
essentially the same width. The hinge is preferably 
formed by additionally embossinq a .. notch 78, opposite 

25 groove 70, on the inside surface 80. of element. This 
creates a "focus hinge" which provl.des more accurate 
registration of plates 74 and 76 w~en they are folded 
together, as explained further bel(),,. A slot 81 may also 
be punched out of element 1• to facilitate folding • 

30 

3S 

. ' 

In one embodiment ()f the.-~present invention, 
. . . 

plate 7& has a series of v-s~aped grooves 82 embossed on 
the inside surface ao of e~:~ment 18.:. v-grooves 82 are 
generally parallel with qroo-ye 70. .• Those skilled in the 
art will appreciate that the. v-grooyes may instead be 
formed in plate 74, or in both plat19s, and further that 
the shape of the 9rooves is not limited to a "V" cross­
section. Nevertheless, in the preferred embodiment only 
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one of the pla·tes has grooves therein, and these are v­
shaped having an interior anqle of about 60°. In this 
manner, when a fiber is placed in one of the grooves and 
clamped by surface so of plate 74, the points of contact 

5 between eleinent:ii and the fiber generally ~orm an 
equilateral triangle which minimizes transverse off set 
and thus reduces signal loss in the splice. 

Plate 74 is further distinguished from plate 76 
in that plate 74 has extensions or porches 84 which also 

10 have grooves 86 .therein, althouqh grooves 86 do not 
extend the full lenqth of plate 74. Grooves 86 are also 
wider than V-grooves 82 since it is intended that the 
portion of the fibers lyinq on porches 84 will still have 
their buffer coating, but this coating is stripped from 

15 the fiber ends which are clamped between plate 74 and v­
grooves 82 (i.e., the buffered portions of the fiber have 
a larger diameter than the exposed portions). Grooves 86 
are further recessed in surface 80, and are adjacent to 
ramps 88 leading up to surface 80, as more clearly seen 

20 in Fiqure 4. Ramps 88 eliminate microbending (which 
causes further si9nal loss) Which would result if the 
buffered portion of the fiber and the exposed portion 
were to lie in the same plane. In other words, the 

25 

transition from buffered fiber to expos~d fiber occurs 
proximate ramps 88.. . Accordingly, the height of ramps 88 
is approximately e~al to the· thickness of the buffer 
surroundinq the fiber. Ramps 88 may_ be formed in porch 
areas 84 although they are preferably formed in plate 74 
whereby they lie under plate 1·s when the plates are 

30 folded together. Recesses (no~ shown) may optionally be 
provided in extensions 36 and 38, under porches 84, to 
allow the porches to be flexed slightly downward, which 
further facilitates insertion t;Jf the fibers into splice 
element 18.and reduces potential skivinq alonq grooves 

lS 86. 

The number of v-qrooves 82 and 8& in splice 
element 18 is variable, dependinq upon the desired 
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application. Grooves 86 should be .. aliqned with V-grooves 
82 when splice element 18 is folded, to insure proper 

. . 
positioning 9f the flbers during;1:he clamping operation. 
Thus, while registration of plat.es 74 and 7& is not as 

5 critical as.with some prior art.jplice devices (since 
there are no V-grooves on plate·74 .which directly oppose 
V-grooves 82) it is still beneficial to use the 
aforementioned focus hinge in ord,er to optimize the 
alignment of grooves 82 and 86. 

10 In_ the stamping proces~: which creates splice 
element 18, stop pads 90 are alsp_ advantaqeously formed 
on both plates 74 and 76 at the corners of the rectangle 
defined by the overlap of the pl~tes. These pads are 
slightly raise,d with respect to the otherWise flat inside 

15 surface 80 of element 18. In thi- manner, when element 
18 is folded as in Fiqure 1, stop pads 90 provide a 
clearance space between plates 74;; and 76, facilitating 
insertion of the fibers therebetween. Alternative 

20 

25 

30 

·· .. 

methods of providing such a cleaJ;;~nce space will become 
apparent to those skilled in th• art. More importantly, 
however, stop pads to insure tha.~~ when element 18 is 
actuated and cla]llps_ the fibers, ~e maximum clamping 
force is exer~ed only along the ¢antral width of element 
18, and the clamping force gradulllly decreases moving 
from the center toward the ends of element 18. This 
gradual clamping• ~1:ransi tion has _peen found to 
si911ificantly-~e4uce signal loss'r~sultinq from the . .. 

deformation ot the fibers, ·i.e. , 0prior art splice devices 
exhibited an abrupt clamping def~rmation which induced 
higher losses. 

Assembly and operation. '~~ splice 10 are both 
straightforwar4 and may best be,understood with reference 
to Figure 5. $pl ice element 18 J .. ~,.:placed in slot 26 in a 
folded. state; in ,this state, cleet:~ance is still provided 

35 by stop pads to to allow inserti~n, of the fibers, so this 
may be considered an open state, as opposed to the 
closed, clamping: state. An inde":matching gel is 

··-
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pref er ably depos,dted near the c.enter of element 18. 
Wedge 22 is then placed adjac~rittongue 24, and jacket 14 
is snapped into cap 16, whereupc>n wedge 22 becomes 

.~. ·. 

disposed against another ramp 92formed in the lower 
5 portion of jacket 14.. The uppe# surface of wedge 22 is 

generally parallel with plates :'14 and 76, while the lower. 
surface of wedge 22 is parallel with ramp 92. Tongue 24 
is further supported at its distal end by a shelf 94 

. formed in the lower portion of ja.cket 14, above ramp 92. 
10 End covers 40 and 42 may be atta~hed to extensions 36 and 

38_at any time in the assembly process (although they are 
not snapped into the closed posj,;tion until after the 
fibers have been spliced). All of the foregoing steps 
take place in the factory, and splice 10 is provided to 

15 the user in the state shown in Figure 1 (less the fiber 
ribbon). 

When the user has located the fibers to be 
· ... ' 

spliced, they $bould be stripped ... and cleaved according to 
well-known methods. In this regard, splice 10 may be 

20 used to splice ·the fiber ribbons·t~a and 96b shown in 
Figure l, or may be used to splice a plurality of 
individual, discrete fibers. such discrete fibers may be 
more conveniently handled by f ir$t. arranging them side­
by-side and applying a piece of tape or other means to 

25 effectively create. a fiber ribbon.: If fiber ribbon is 
being spliced, the outer coating :W~ich surrounds the 
individual buffered fibers should .. also be removed. 

once the fibers or ribbc>ns have been inserted 
into body 12, splice 10 may be act~ated by longitudinally 

30 sliding wedge 22 toward jacket 14~:. In this regard, the 
term "longitudinal" refers to mov~ment parallel with the 
fibers and grooves 82. The slidirtq_action may be 
accomplished by simply usinq a screwdriver or other tool 
to push wedqe 22 forward. The scre~driver may be applied 

lS to the cutout ta formed in wedge ~2: As wedge 22 moves 
forward onto ramp 92, it causes to~que 24 to press 
against the outer e;'1rface of plate 74, clamping the 

( .. 
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fibers between plates 74 and 76. The width of tongue 24 
is approximately equal to the width of plates 74 and 76. 
As discussed a·bove, the clampin~ forces gradually 
decreases towards the ends of splice element 18 due to 

5 stop pads 90. This E!ffect may pe enhanced by making the 
lengths of wedqe 22 and tongue 24 shorter than the length 
of plates 74 and 76 so that the clamping force is applied 
primarily at the center of splic:e element 18, and not at 
its ends. In the preferred emboqiment, the length of 

10 that portion of wedge 22 contacting tongue 24 is about 
c;>ne-half the length of plate 76. The use of tongue 24 
also prevents undue deformation of plate 74 which might 
otherwise occur if wedge 22 were to contact splice 
element 18 directly. Wedge 22 pr.ovides excellent 

15 mechanical advantages, including high transmission of 
forces, and the uniform application of force parallel to 
plates 74 and 76. Also, due to the coefficient of 
friction of the materials used for jacket 14, wedge 22 
and tongue 24, ilctuation means 20 (i.e., wedge 22) is 

20 self-locking, provided it bas an angle of less than about 
9°. The preferred angle is about 5°. Simplicity in the 
use of splice 10 is evident from ~ summary of the above 
steps: stripping and cleaving the fibers, inserting them 
into body 12, andslidinq wedqe 2~ forward~ A double 

25 wedge {not shown) may be used in ~ieu of single wedge 22. 

30 

35 

After the splice ~s com~leted, end covers 40 
and 42 may be moved to the closed,, latched position to 
provide environme11tal seali~g and.·.:protect the exposed 
fibers. In this regard, leqs 100,(of the end covers, 
which rest on st~ge ar~as 102 of porches 84, help keep 
the fiber ribbon aligne.d with spl~ce body 12, i.e., they 
oppose sideways bending of the ribbon proximate the . .., 

entrance to slot 26. Le9s ·lOO a].sc;> provide additional 
sealing of slot 26 since t:ll;ey are .·positioned at the sides 

:::_•· 

thereof. Althouqn not designed for disconnection and 
reconnection, spi~ce 10 may. allow femoval of fibers by 
simply openinq end:covers 40 and ·sliding wedge 22 backward. 
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several different mate;Jals may be used in the 
construction of splice 10. Splice1 element 18 may be 
constructed from a variety ot due.tile metals, such as 
soft aluminum. The preferred met,a_l is an aluminum alloy 

s conventionally known as "3003," ~avin9 a·temper of o and 
a hardness on the Brinnell scale .fBHN) of between 23 and 
32. Another acceptable alloy is r"eferred to as 11 1100, 11 

and has a temper of o, Hl4 or Hl5 ." Acceptable tensile 
strengths vary from 35 to 115 me9~1?ascals. 

10 Other metals and alloys, or laminates thereof, 
may be used in the construction of-splice element 18. 
Such metals include copper I tin, zilnc, lead, indium, gold 
and alloys thereof. It may be des_irable to provide a 
transparent splicing element to facilitate the splicing 

15 operation. In such a case, a clea-r polymeric material 
may be used. Suitable polymers inc:;:lude polyethylene 
terephthalate, polyethylene terepht~alate glycol, 
acetate, polycarbonate, polyethers.ulfone, 
polyetheretherketone, polyetherimide, polyvinylidene 

20 fluoride, polysulfone, and copolyest:ers such as Vivak (a 
trademark of Sheffield Plastics, Inc., of Sheffield, 
Massachusetts). 

25 

As an alternative to providing a splice element 
constructed of a deformable materia~, it may instead be 
formed of a more rigid material pro";),.ded that v-9rooves 
82 and/or surface 80 are lined with'a~ deformable 

.\:· .. 

material. The primary requisite is to provide a material 
which is softer than the glass comp:ii.sin9 the optical 
fiber and claddinq, and wpich is due~lle under the 

... ·· ... . 

30 clamping pressures applied to the optical fiber. It is 
also desirable that the material be '.~·lastic at low stress 
levels to afford sufficient elastic~~y to maintain a 
continual compressive force on the optical fibers once 
plates 74 and 7' have been brought together. 

3S Furthermore, a coating may be appli . .!d'..to the ductile 
m~terial to reduce skiving of the mat•rial as the fiber 

·: .··'. 

is inserted. For example, a diamond-:-like carbon coating 

....... 
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having a thickness in the range of 0.1 to 0.4 µm may be applied to surf ace 80 of splice element 18 by vapor deposition. 

Splice body 12 may also.J:;ie constructed of a 5 variety of materials, basically a,ny durable material and preferably one that is injection moldable, although die cast metals are acceptable. The material should not be too rigid as it is desirable to allow the inner walls forming slot 26 to flex slightly to store excess clamping 10 forces from wedge 22 in order to insure constant clamping force on the fibers durinq temperature cycling. Injection moldable materials include liquid crystal polymer, such as that sold under the trademark VECTRA A130 by Hoechst Celanese Corp. of Summit, New Jersey. 15 The dimensions of splice 10 may vary widely according to the desired applicat~on. The f ollowinq (approximate) dimensions, for the preferred embodiment, are exemplary only and should not be construed in a limitinq sense. The overall length of splice 10 is 38 20 mm, its height 6.7 mm and its width 13 mm. The length of the main portion of jacket 14 is 14 mm, while projection 28 is about 7.1 mm long and 9.7 mmwide. Cap 14 is 7.6 . mm long, and extensions 36 and 38 are each 8.3 mm long. Wedge 22 has an overall length of 14 mm, but the length 25 of the portion contacting tongue 24 is 10 mm. The width of wedge 22 is 6.5 mm, while its m2'x~mum thickness is l.S mm and its minimum thickness is o.76 mm. 
With respect to splice ei.~ment 18, several of the following approximate dimensionS; ,are based on the 30 size of conventional multiple fiber ribbon cables. The length of plate 74 (including porches 84) is 28 mm, while the length of plate 76 is 20 mm. B~th plates have a thickness of 530 µm, and stop pads· tO,: rise 18 µm above surface 80. V-9rooves 82, preferablyspaced 250 µm 35 apart, are 130 µm deep and have a maximum Width Of 180 µm. Grooves 8&, which are approximat,&JlY trapezoidal in ·the preferred embodiment, also have.al'l).aximum width of 
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180 µm, and a minimum width of. 120 µm, and are 180 µm 
deep. Ramp 88 descends 250 µm1 i.e., the upper surfaces 
of qrooves 86 are 250 µm from surface so. 

Two alternative embodiments and design 
5 modifications are shown in Figures 6 and 7. Figure 6 

illustrates a. modified end cover t2' which may be used on 
both jacket extension 36 and cap extension 38. End cover 
42' is used to provide additional .environmental sealing, 
by means of a compartment 104 defi,ned by a w~ll 106 which 

10 is attached to the inner surface of cover 42' by a living 
hinqe 108. As end cover 42' is closed, wall 106 contacts 
extension 38, causing wall 106 to compress a sealant 
~aterial, which may include index.matching qel, residing 
in compartment 106. Wall 106 has·· channels 110 therein 

15 which allow the sealant to escape from compartment 104, 
and flow in and around the entrance to slot 2&. A web 
112 is preferably integrally formed with wall 106, 
extending into compartment 104, which assures that 
sealant will be directed out of channels 110 when cover 

20 42' is closed, and also provides resistance against such 
closure to prevent accidental leakage of the sealant. 

25 

Fiqure 7 depicts a stacked splice device 10 1 

which utilizes a splice element 1•' havinq two layers of 
splices. Stacked splice element 18~ may be formed of 
three separate elements, but it is preferably constructed 
of a single ele111ent having two inte,qral hinges, folded 
into a z-shape (accordion-fold) • .In this manner, the 

·.·. ·: 

three sections of the sheet defin~dcby the hinges result 
. ·-~: . 

ii\ three different plates 114, 11$ and 116. It is not 
30 necessary that the two splice layei;:s• formed thereby be 

parallel, but this is preferred to' simplify the wedge 
actuation. An alternative construction would provide a 
single sheet of material havinq two. ·parallel hinges 
separated by a small distance, e.g~, 50 µm, forming the 

35 upper and lower· piates, with a third'. plate inserted 
therebetween. A plug 118 havinq twosets of orifices 124 
is advantageously used to guide a first set Of fibers, 

, .. 
t 



W093/05423 PCT/US92/06730 

-15-

i.e., every other fiber, upwards to the top splice layer, 
and the remaining fibers downw~rds to the bottom splice 
layer. Guide plu9 118 has grooves 120 formed in a porch 
area 122 thereof, similar to porch 84 of element 18; 

5 qrooves 120 help align.the fibers with orifices 124. Of 
course, the use of an accordion fold and guide plug could 
be expanded to splice elements having more than two 
splice layers. 

Although the invention has been described with 
10 reference to specific embodiments, this description is 

not meant to be construed in a limiting sense. Various 
modifications of the disclosed embodiment, as well as 
alternative embodiments of the invention, will become 
apparent to persons skilled in th~ art upon reference to 

15 the description of the invention. For example, a 
multiple fiber splice device may be constructed to allow 
separate termination of each fiber-set by providinq two 
actuation wedges, one at each end of splice body 12; this 
would allow the pretermination of one fiber set in the 

20 clamped state. It is therefore contemplated that such 
modifications can be made without.departing from the 
spirit or scope of the present invention as defined in 
the appended claims. 

1iDiiir 
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I claim: 
1 •. An element for splicing a first plurality of 

optical fibers to a second plurality of optical fibers, 
the element comprising: 

first and second plate members forming a pair. 
of opposing surfaces~ at least o~e of said opposing 
surf aces of said first and second plate members having a 
plurality of fiber receiving grooves therein; and 

first and second porch members attached to 
10 first and second ends, respectively, of said first plate 

member, said first and second porch members extending 
beyond first and second ends of· said second plate member, 
respectively, said first and second porch members having 
surfaces ~hich have guide grooves formed therein, said 

15 guide grooves being aligned with said fiber receiving 

20 

grooves. 
2. The element of Claim 1 wherein said first 

and second plate members are formed from a single sheet 
of ductile material having a fold line therein forming a 
hinqe. 

3. The element of Claim l wherein said opposing 
surf aces are formed of a ductile material. 

4. The element of Claim 1 wherein .said fiber 
receiving grooves are formed in said opposing surface of 

25 said second plate member. 
s. The element of Claim l for use with fibers 

having a buffered portion and an exposed portion, wherein 
said first and second ends of said first plate member 
include ramp means for supporting th• fibers proximate a 

30 transition between the buffered and exposed portions of . 
the fibers, said guide 9roov~s being adjacent said ramp 
means. 

6. The element of Claim l wherein at least one 
of said first and second plate members;, includes means 

ls providing a clearance space between said opposing 
surfaces at said first and second ends of said first and 

----··-·-- --· ·-··¥•" ··----·-·-··· --- --···~·-····------------·--·...,..---· ----

second plate members. 
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7. f~e element of Cl~im l further comprising a 
third plate·m~inber adjacent sa'id second plate member, 
forming a seCortd pair of opposing surfaces, at least one 
of said surf ~ces in said second·i·pair having a second . . .. .· . -~··<· . 

5 plurality of fiber receiving g·ro?ves therein. 
s.:The element of ci~im 5 wherein the buffered 

portions of ~h~. fibers have a ~#ff er coating of known 
thickness, atjd; 

sa~:g. first and second ::Porch members are 
10 integrally fo~ed with s.aid fit:s't and second ends of said 

-·~· . ·.· . 

first plate mel"liber, respectively; 
sai~ guide grooves ar~.recessed in said 

surf aces of s.aid porch members.; and 
sa.i.¥'ramp means compri.~es a ramped surface 

15 extending from ·sa.id recessed guide grooves to said 
opposing surfac~ of said first p~ate member, said ramped 
surface having a, height which i~ .. :ilpproximately equal to 
the thickness ;Of the buff er coa·t;.i.ng. 

. .. -----------·--- .----···-······-- ·--········-------: 

11ii1ir 
. . . . . : 

, 111111m11m1t11111111111111 · .· 
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9. An element for splicinq a first plurality of 
optical fibers to a second plurality of optical fibers, 
the element comprisinq: 

first and second plate m~mbers forming a pair 
s of opposing surfaces each having fi,,rst and second ends, 

at least one of said surfaces having a plurality of fiber 
receiving grooves therein; and 

clearance means for providing a space between 
said opposinq surfaces at said f ir~t and second ends 

10 thereof whereby, when said opposing surfaces are clamped 
toward one another, a higher clamping force is applied at 
a center of the element than at said first and second 
ends thereof. 

10. The element of Claim 9 wherein said first 
15 and second plate members are formed, from a single sheet 

of ductile material havinq a fold line therein forming a 
hinge. 

11. The element of Claim 9 wherein said 
clearance means comprises a plurality of pads attached to 

20 said opposinq surf ace of said first plate member at said 
first and second ends thereof. 

12~ The element of Claim 9'intended for use 
with fibers having a buffered portion~ the element 

{ 25 

further including a porch area having ramp means for 
receiving the buffered portion of the,;fibers, said ramp 
means including quide'grooves which a~e generally aligned ! 

with said splice grooves. 
13. The element of Claim 9 :further comprising a 

third plate member adjacent said secpnd plate member, 
30 forminq a second pair of opposing surfaces, at least one 

of said surf aces in said S'ec~nd pair havinq a second 

lS 

plurality of fiber receivinq qrooves ~~erein. 
14. The element of Claim ii:Wherein said first 

. . _··.·::··, 
plate member has a qenerally rectanqul~r ,shape def inin9 

~ ·: ·. ; 

four corners, and said opposing surfac~ of said first 
plate member has four pads inteqrally f,ormed thereon, one 
pad at each of said corners. 

,. 
... 
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15. An element for splicing a first plurality 
of optical fibers to a second plurality of optical 
fibers, the element comprising: 

first and second plat.e members, defining a 
5 first pair of oppos.ing surfaces; both of said surfaces of 

said first pair be!°nq ductile and at least one of said 
surfaces of said first pair havin9 a first plurality of 
fiber receivinq grooves therein; and 

a third plate member, said second and third 
10 plate members defining a second_pair of opposing 

surfaces, both of said surfaces of said second pair being 
ductile and at least one of said surf aces of said second 
pair having a second plurality of fiber receiving grooves 
therein, and at least two of said first, second and third 

15 plate members being formed from a single sheet of ductile 
material having a fold line forming a hinge. 

16. The element of Claim 15 further comprising 
means for quidinq a first set of the first plurality of 
optical fibers to said first plurality of fiber receiving 

20 grooves and for guiding a second set of the first 
plurality of optical fibers to said second plurality of 
fiber receiving grooves. 

17. The element of Cla,i;Jil 15 wherein said _first, 
second and third plate members are all formed from a 

25 single sheet of ductile material,._said sheet having two 
fold lines forming hinges and be:i11q folded in a z-shape. 

18. The element of Claim 15 wherein said first 
plate member has first and second ends, and includes 
means providing a clearance spac~:~etween said first pair 

30 of opposing-surfaces at said first and second ends. 
19. The element of Claim 16 wherein said 

quiding means comprises a plug a~jacent a first end of 
said first, second and third plate:,members, said plug 
having a first set ~f orifices dir~cted toward said first 

35 plurality of fiber receiving groovf!s, and a second set of 
orifices directed toward said secol)d plurality of fiber 
receiving grooves. 
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20. An element for splicing a first plurality 
of optical fibers to a _second plurality of optical 
fibers, the element comprising: 

a first generally rec:::tangular plate having 
5 first and second ends, and four corners, and further 

having ramped surf aces at said. ·#irst and second ends; 
first and second porches attached to and 

integral with said first and second ends, respectively, 
of said first plate, said porcnes having a plurality of 

10 recessed guide grooves immediately adjacent said ramped 
surfaces; 

a second generally rectangular plate 
approximately equal in size to s•id first plate, said 
first and second plates being forJned from a single sheet 

15 of ductile material having a fold line forming a hinge, 
said first and second plates being folded toward one 
another, defining an opposing sul'face of said second 
plate, said opposing surface having a plurality of fiber 
receiving grooves therein, aligned with said guide 

20 grooves in said porches and gener•lly parallel with said 
fold line; and 

at least four pads integ~ally formed on said 
first plate, one pad at each of said corners. 

.---------~~-. 
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